Maternal and paternal sleep during pregnancy in the Child-sleep birth cohort by Paavonen, E. Juulia et al.
lable at ScienceDirect
Sleep Medicine 29 (2017) 47e56Contents lists avaiSleep Medicine
journal homepage: www.elsevier .com/locate/s leepOriginal ArticleMaternal and paternal sleep during pregnancy in the Child-sleep
birth cohort
E. Juulia Paavonen a, b, *, Outi Saarenp€a€a-Heikkil€a c, Pirjo P€olkki d, Anneli Kylli€ainen e,
Tarja Porkka-Heiskanen f, Tiina Paunio a, g
a Department of Health, National Institute for Health and Welfare, Helsinki, Finland
b Child Psychiatry, University of Helsinki and Helsinki University Hospital, Helsinki, Finland
c Pediatric Clinics, Tampere University Hospital, Tampere, Finland
d Department of Social Sciences, University of Eastern Finland, Kuopio, Finland
e Psychology, School of Social Sciences and Humanities, University of Tampere, Tampere, Finland
f Department of Physiology, University of Helsinki, Helsinki, Finland
g Psychiatry, University of Helsinki and Helsinki University Hospital, Helsinki, Finlanda r t i c l e i n f o
Article history:
Received 17 June 2016
Received in revised form
24 August 2016
Accepted 9 September 2016
Available online 4 November 2016
Keywords:
Sleep
Sleep debt
Insomnia
Sleep duration
Pregnancy* Corresponding author. National Institute of
nerheimintie 168, P.O. Box 30, 00271 Helsinki. Finlan
E-mail addresses: juulia.paavonen@helsinki.ﬁ
saarenpaa-heikkila@uta.ﬁ (O. Saarenp€a€a-Heikkil€a), p
anneli.kyllianen@uta.ﬁ (A. Kylli€ainen), tarja.stenb
Heiskanen), tiina.paunio@thl.ﬁ (T. Paunio).
http://dx.doi.org/10.1016/j.sleep.2016.09.011
1389-9457/© 2016 Published by Elsevier B.V.a b s t r a c t
Study objectives: Maternal and paternal sleep insufﬁciency during pregnancy appears to be a risk factor
for health and wellbeing in young families. Here, we evaluated the prevalence of sleep insufﬁciency and
symptoms of insomnia during pregnancy (at 32nd pregnancy week) and their relationship to depression,
anxiety and environmental stress.
Methods: The study is based on a population based sample from Finland consisting of 1667 mothers and
1498 fathers from the Child-sleep birth cohort. We evaluated both the core symptoms of insomnia (sleep
onset problems, nocturnal awakenings, too-early awakenings, and poor sleep quality) and the presence
of insufﬁcient sleep. Insufﬁcient sleep was deﬁned as a two-hour difference between self-assessed sleep
need and reported sleep duration, or sleep duration shorter than six hours per night.
Results: We found that symptoms of insomnia were more prevalent among women than among men
(9.8% vs. 6.2%), whereas sleep debt was less prevalent among women than among men (4.5% vs. 9.6%).
Overall, 11.8% of the women and 14.9% of the men reported either signiﬁcant insomnia or short sleep.
Symptoms of insomnia were related to symptoms of depression both among women and men (AOR 3.8,
95% CI 2.6e5.6 vs. AOR 1.9, 95% CI 1.1e3.2), while short sleep was related to depression among women
(AOR 3.3, 95% CI 1.8e5.8), and to low education, poor health and a larger number of children among men.
Conclusions: The study showed that insomnia and sleep insufﬁciency are prevalent among women and
men during pregnancy. The ﬁndings underline the impact of insomnia to both maternal and paternal
health during pregnancy as well as to the implementation of effective interventions to prevent negative
consequences of sleep disturbances.
© 2016 Published by Elsevier B.V.1. Introduction
Insufﬁcient sleep is a well-known stress factor for health and
wellbeing, as shown in several recent studies [1]. While it is
generally known that insufﬁcient sleep during pregnancy mayHealth and Welfare, Man-
d.
(E. Juulia Paavonen), outi.
irjo.polkki@uef.ﬁ (P. P€olkki),
erg@helsinki.ﬁ (T. Porkka-constitute a risk factor for women's health and even fetal devel-
opment [2], the sleep quality of fathers has remained largely
unexplored.
Insufﬁcient sleep constitutes two main factors: too short dura-
tion of sleep or bad quality of sleep. Less than ﬁve or six hours of
sleep is regarded as a short sleep duration with potential adverse
health consequences. Sleep debt, measured as the difference be-
tween self-assessed sleep need and actually acquired sleep duration,
is another variable that has been used to probe sufﬁciency of sleep. It
has been shown that although overlapping, these factors are inde-
pendent predictors of cardiac events [3], indicating that the duration
of sleep may not comprehensively explain the relationship between
E. Juulia Paavonen et al. / Sleep Medicine 29 (2017) 47e5648sleep and increased health risks. Symptoms of insomnia (sleep onset
problems, nocturnal awakenings, too early awakenings, and poor
sleep quality) constitute yet another aspect of insufﬁcient sleep.
Due to pregnancy-related physical and hormonal changes,
women are at a heightened risk of suffering from insufﬁcient sleep
during this period. As summarized in a recent review, pregnant
women with poor sleep quality are at risk for gestational diabetes
and heightened blood pressure [4]. Furthermore, lack of sleep may
increase the risk for obstetric problems [4]. For example, sleep debt
during early pregnancy is associated with pre-eclampsia in the
second and third trimesters [5] and a higher rate for preterm de-
livery [6], and symptoms of insomnia in late pregnancy are asso-
ciated with delivery complications, such as a risk for emergency
cesarean [7], longer duration of labor and instrumental delivery
[8e10]. Sleep onset difﬁculties and symptoms of insomnia during
pregnancy have also been linked with postpartum depressive
symptomology [9e10].
Paternal sleep insufﬁciency and its effects on future family life
has been studied far less than maternal sleep insufﬁciency,
although the father's role in supporting the sleep of both the child
and the mother during the postpartum period has been empha-
sized [11]. Still, antenatal depression and insomnia are common
also in fathers [12], as well as shortened sleep and fatigue during
pre- and postpartum periods [13].
While it has been recognized that both maternal and paternal
antenatal sleep insufﬁciency may constitute a risk for psychosocial
wellbeing and health in young families, in current clinical practice
this aspect is largely ignored. Reliable and current knowledge
regarding the prevalence and consequences of sleep insufﬁciency
in both women and men during pregnancy could warrant imple-
mentation of effective and targeted prevention programs.Fig. 1. Study protocol. Abbreviations: ACG Actigraphy, PSG polyThe objectives of this work were (i) to assess both maternal and
paternal sleep insufﬁciency in late pregnancy (32nd week) and (ii)
to characterize factors that increase the risk for sleep insufﬁciency
during this period of life. Supported by the previous literature, we
included depressiveness, anxiety, stress, adverse life events and
family atmosphere as factors that could be related to sleep insuf-
ﬁciency, while, age, education, number of children in the family,
alcohol and smoking habits were controlled for.
The study was performed in the Child-sleep birth cohort,
recruited from the Pirkanmaa Hospital District from southern
Finland and comprising 1673 families, which was established to
study various aspects of sleep in families with newborn children.
Data were compiled using a wide spectrum of questionnaires. In
addition to sleep, the questionnaires probed the neurological and
psychological development of the children, their family environ-
ment, socio-economic factors and general health. Furthermore,
genomic data were collected from both parents and the babies.
Here, the birth cohort will be described as a whole for the ﬁrst
time.
2. Methods
2.1. Study setting
The study is based on a longitudinal birth cohort, with several
measurement points. The recruitment and baseline measurement
occurred prenatally at 32ndweek and the follow-upmeasurements
took place at the birth of the child and at the child age of three,
eight, 18 and 24 months (Fig. 1). The records from the maternity
hospital and the maternity clinics were also gathered. Maternal,
paternal and cord blood samples were drawn for genetic analyses.somnography, Prev prevention group, Cntrl control group.
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polysomnography, prevention study) and in this article, we report
on the recruitment procedure for the main cohort in detail, while
the data collection of the postnatal period as well as on the sub-
groups, will be described in detail elsewhere. The Child-Sleep study
protocol was approved by Pirkanmaa Hospital District Ethical
Committee (9.3.2011, ethical research permission code R11032).
Permission for the recruitment procedure was also received from
the leading doctors of the target health centers.
2.2. Study population
The recruitment took place in Pirkanmaa Hospital District,
Finland. The area is situated in the inlands of Southern Finland. The
main city in the area is Tampere, which has 220 thousand in-
habitants; the entire Pirkanmaa area comprises 506 thousand in-
habitants. The population is mainly Finnish in origin and has roots
from different parts of the country. Tampere was an industrial city
during thewhole of the 20th century; there are no other large cities
in the area. During the recruitment period, there were two ma-
ternity hospitals in the target area, but only infants who were born
alive in the Tampere University Hospital were considered eligible
for the study. There are approximately 5000 deliveries yearly in the
Tampere university hospital. Only a small proportion of labors
(approx. 1.8%) in Tampere university hospital comprise families
from outside the target area and they were excluded.
2.3. Recruitment procedure
The parents were recruited to the study in health centers in the
target area during their normal follow up visits to the maternity
clinics. In total 120 nurses in 63 maternity clinics took part in the
recruitment process. The purpose and the protocol of the study
were described in detail to the nurses and the study materials were
delivered to the maternity clinics. During the study period, all the
newly recruited nurses in thematernity clinics were also introduced
to the study protocol. To support the adherence to the recruitment
procedure, several routine reminders were sent by e-mail to the
maternity clinics. In addition, the research nurse contacted the
other nurses regularly throughout the study period. They also had
the opportunity to ask the research nurse questions, as well as the
researcher responsible for the recruitment process (OS-H).
The recruitment was planned to occur approximately at the
32nd gestational week. Only Finnish-speaking families were
considered eligible for the study. The midwives provided the par-
ents with oral information on the study protocol and an informa-
tion sheet about the study. If the family decided to take part, they
were given the ﬁrst set of questionnaires and asked to sign the
consent forms for participation in the study.
The nurses were asked to keep track of the non-participating
parents and complete any forms regarding non-participating fam-
ilies to enable follow-up of the agreement rate and to acquire in-
formation on the main reasons for non-participation. The ethical
committee did not approve gathering any other information about
the non-participating families.
2.4. Sample
The families were recruited between April 2011 and December
2012, and the infants were born April 2011eFebruary 2013. A total
of 2244 parents were approved to receive the prenatal question-
naires during their visits at maternity clinics, from which 1673
(74.6%) families returned the baseline questionnaires.
During the recruitment period, a total of 8165 infants were born
in the target area. In 2014, ﬁve percent of the target populationspoke another language than Finnish as their native language,
leaving approximately 7700 infants fulﬁlling the inclusion criteria.
The sample coverage is thus approximately 29%. The recruitment
rate between the maternity clinics varied widely, suggesting that
there may have been differences related to the adherence of the
nurses to the study protocol. The percentage of parents agreeing to
receive the study package ranged from 4.1% to 66.7% and the per-
centage of parents agreeing to participate ranged from4.9% to 44.9%.
Altogether 1612 (approximately 26.7%) forms about non-
participating women were returned. According to these forms,
71.7% (N ¼ 1156) of the loss consisted of women who did not want
to participate, 10.1% (N ¼ 161) consisted of women with poor skills
in Finnish and 18.3% (N ¼ 295) were the result of the nurses
forgetting to present the study to the mothers. The mean age of the
excluded women was 30.5 ± 5.3 years and the average number of
children in the family 0.9 ± 1.2 (median 1), which corresponds to
the age and average number of children in the cohort (see Table 1).
2.5. The questionnaires
Separate questionnaires were given to the mothers and the fa-
thers. In addition, a questionnaire was made for the children (to be
ﬁlled by either of the parents) after the infants were born. Re-
minders were sent three times if the questionnaires were not
returned in time (ﬁrst reminder was a text message, the second an
e-mail and the third a phone call). The interval between the re-
minders was two weeks.
There were 1667 women and 1598 men who returned the
prenatal questionnaires (Fig. 2). A small number of the women and
the men had ﬁlled out the questionnaires after the infant was born
(1.2%, N ¼ 21 and 1.9%, N ¼ 31, respectively) leaving 1646 (98.7%)
maternal and 1567 (98.1%) paternal questionnaires to be analyzed.
The prenatal forms included several questions on socio-
demographic factors, and on health (eg, somatic and psychiatric
illnesses, height, weight, medication, smoking, alcohol). Additional
questions related to pregnancy were asked from the women. The
forms comprised several standardized questionnaires to evaluate
sleep quality, tiredness and health.
The Basic Nordic Sleep questionnaire (the BNSQ) was used to
evaluate sleep quality [14]. It consists of 21 items that measure self-
reported sleep quality, sleep latency, nocturnal sleep duration,
bedtimes, sleep need, naps, use of sleep medication, tiredness and
sleep breathing problems. The response alternatives for most of the
items were as follows: never, less than weekly, one to two times a
week, three to ﬁve times a week, and daily. In the case of self-
reported sleep quality, the response alternatives were as follows:
well, quite well, not well/not poorly, quite poorly and poorly. The
items in the scale are usually used separately to gather information
on the prevalence of various sleeping difﬁculties. Thus, for the
statistical analyses, all the items representing the severity of the
sleeping difﬁculties were dichotomized to one to two times per
week or less vs. three to ﬁve times per week or more to indicate
clinically relevant problems. Sleep quality was dichotomized at
well, quite well, not well e not poorly vs. quite poorly or poorly.
Sleep latency, sleep duration, and sleep need were questioned in
open form. Sleep latencies (ie, the self-evaluated time needed to fall
asleep) questioned separately for workdays and leisure days. All
continuous sleep variables were also dichotomized so as to deﬁne
clinically signiﬁcant variation (sleep latency  20 min, sleep
duration  6 h or  7 h). Sleep deprivation was estimated as the
difference between sleep need and average sleep duration and was
considered indicative of sleep deprivation if it exceeded two hours.
There is no ofﬁcial, summary score for the BNSQ and therefore we
deﬁned a summary score to represent the severity of insomnia
utilizing the sum of the dichotomized items of insomnia . The items
Table 1
Description of the sample.
Women N ¼ 1646 Men N ¼ 1567 p for gender difference
Age 30.2 yrs 32.1 yrs <0.001
Education
Comprehensive school 25.0% (N ¼ 411) 41.5% (N ¼ 644)
High school graduate 75.0% (N ¼ 1232) 58.5% (N ¼ 907) <0.001
Vocational education
None or some vocational training 7.3% (118) 11.1% (170)
Vocational degree or polytechnic 58.5% (940) 59.2% (908)
University 34.2 (550) 29.7% (455) <0.001
Number of previous children
0 47.3% (722) 45.5% (632)
1 35.1% (536) 35.8% (497)
2 or more 17.7% (270) 18.7% (259) 0.618
Infertility treatment in current pregnancy 7.9% (N ¼ 130) N/A
Pregnancy week 34.6 (SD 2.6) N/A
Somatic illness
None 77.9% (N ¼ 1275) 83.6% (N ¼ 1286)
One illness 19.3% (N ¼ 315) 13.5% (N ¼ 207)
Several illnesses 2.3% (N ¼ 37) 2.3% (N ¼ 35)
A disability 0.6% (N ¼ 9) 0.7% (N ¼ 11) <0.001
Current illnesses diagnosed by MD
Asthma 6.4% (N ¼ 94) 4.5% (N ¼ 61) 0.083
Allergy 29.0% (N ¼ 440) 24.4% (N ¼ 347) 0.005
Diabetes 5.3% (N ¼ 77) 1.9% (N ¼ 26) <0.001
Hypertension 0.7% (N ¼ 10) 2.5% (N ¼ 33) <0.001
Epilepsy 0.5% (N ¼ 7) 0.7% (N ¼ 9) 0.595
Sleep apnea 0.1% (N ¼ 1) 1.3% (N ¼ 18) <0.001
ADHD 0.4% (N ¼ 6) 0.5% (N ¼ 6) 0.575
Depression 1.8% (N ¼ 27) 1.6% (N ¼ 22) <0.001
Panic disorder 1.3% (N ¼ 19) 1.2% (N ¼ 16) <0.001
Schizophrenia 0.4% (N ¼ 6) 0.4% (N ¼ 5) 0.868
Smoking during last 6 mos.
Current Smoker 3.4% (N ¼ 55) 18.2% (N ¼ 283) <0.001
Former Smoker (over 6 mos. ago) 50.7% (N ¼ 846) 42.4% (N ¼ 674)
<0.001 Alcohol usage
Before pregnancy (2e3 times a week or more) 10.1% (N ¼ 164) N/A
During pregnancy (2 times a month or more) 1.4% (N ¼ 22) 28.7% (N ¼ 459) <0.001
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ﬁculties to fall asleep, night awakenings per week, average number
of awakenings per night, too early awakenings and poor sleep
quality. The rangewas zero to ﬁve points and cut off point threewas
used to indicate multiple problems.
In addition, the women were asked to evaluate how sleep
duration and sleep quality had changed during the pregnancy. The
answer was given on a ﬁve-point scale inwhich alternatives ranged
from clearly more poorly/clearly less to clearly better/clearly more.
Sleepiness was measured using the Epworth Sleepiness Scale,
ESS [15]. It consists of eight questions of tiredness which were rated
on a four-point scale. A total score was calculated (range 0e24; a
higher number indicated more tiredness). In the women, the result
ranged between 0 and 17 points and in the men the range was
between 0 and 18. This was dichotomized at 11 points as deﬁned
previously to represent deviant daytime sleepiness. In addition, it
was questioned whether the women and men considered them-
selves to be more tired than other people of the same age (“Do you
consider yourself more tired than other people of your age?” with
response alternatives yes, almost always; yes, often; no; do not
know).Fig. 2. Flow chartDepressiveness was measured using the 10-item version of the
Center for Epidemiological Studies Depression Scale, CES-D [16].
The items were summarized and three of the items were reverse
scored. The range of the total score was 0e23 among the mothers
and 0e27 among the fathers. This was dichotomized at the 90th
percentile (10 points) to represent elevated levels of
depressiveness.
Anxiety was measured using a short six-item anxiety ques-
tionnaire. derived from STAI state anxiety scale. [17] A total score
was gathered by summarizing the items. The scores ranged be-
tween six to 21 in the women and six to 22 in the men. This was
dichotomized at the 90th percentile (12 points) to represent
increased levels of anxiousness.
Stressfulness was measured using a short version of the
Perceived Stress Scale [18]. The scale measures how unpredictable,
uncontrollable and overloaded the respondents ﬁnd their lives.
There are ﬁve items that are scored on a ﬁve-point scale. Two of the
items were reverse scored. The score ranged between 0 and 18 both
in the women and men and it was correlated both among women
andmenwith depression (r¼ 0.655 and r¼ 0.607) and negative life
events (r ¼ 0.177 and r ¼ 0.2 15), all p's were <0.001. The summaryof the study.
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represent elevated levels of stressfulness compared to other
women/men in the sample.
Adverse life events were measured using the Life Events Scale
(LTE), which lists 11 potentially distressing life events [19]. The
number of negative life events (eg, death of a relative, substantial
ﬁnancial crisis) ranged from 0 to 11 among the women and zero to
seven among the men. The frequency of negative life events was
summarized and dichotomized at two or more events to represent
repetitive negative life-events.
Family atmosphere was evaluated using a seven item Liker-
tetype scale (eg, approving e disapproving, safe e unsafe). The
items were submitted to exploratory factor analysis to study the
factor structure of the scale. With maximum likelihood method
only one factor with eigenvalue >1 was extracted and all the items
had communalities >0.326 (among the women) and >0.228
(among the men). Three of the items were reverse scored and a
summary score was calculated ranging from 14 to 49 in both the
women and the men. The Cronbach alpha of the score was 0.86
among the women and 0.84 among the men, indicating good levels
of internal consistency (reliability) of the scale. The item was
dichotomized at 35 points (10th percentile) to indicate poorer
family atmosphere.
2.6. Statistical analyses
Prevalence rates and means among the women and the men
were compared ﬁrst. Pairwise comparisons were conducted using
X2-tests (dichotomous variables) or t-tests (continuous variables).
We submitted the analyses comparing the prevalence rates for men
and women to logistic regression modelling to control for back-
ground factors and adjusted OR's comparing women to men were
reported. As background factors, we included age (in years), general
health (healthy vs. at least one illness or disability), education
(elementary school, vocational school vs. university), maternal in-
come (income 2500V vs. >2500V/month), number of children in
the family (0 or 1 vs.2), alcohol use (weekly or less vs. at least two
times a week; women reported frequency before the pregnancy)
and smoking (non-smoker vs. current smoker). Regarding age and
number of children in the family, missing values were replaced by
the mean. The woman's age was missing in 19 (1.1%) cases and the
man's age in 38 (2.4%) cases; the number of childrenwas missing in
122 (7.3%) maternal and 182 (11.4%) paternal questionnaires. Age
was replaced by the mean age of the same sex (women 30.2 years,
men 32.1 years).
Finally, a series of multivariate logistic regression models were
constructed separately for women andmen in order to elicit factors
that are related to short sleep duration (six hours or less) and
insomnia (BNSQ score  4). The explanatory variables of interest
were stress (<11 vs. 11 points from the PSS scale), adverse life
events (0e1 vs.2), family environment (good or average vs. poor),
anxiousness (anxiety score < 12 or 12) and depressiveness (CESD
<10 vs.10). The logistic regression models controlled for the same
background factors as listed above. We report both the crude odds
ratios as well as two hierarchical adjusted models. Each of these
explanatory variables was entered in the models separately. Finally,
a full model was estimated where all the independent variables
were entered to the model at the same time. The ﬁnal sample size
for the statistical models was 1529e1566 for the women and
1442e1482 for the men.
3. Results
Socio-demographic factors describing the sample are reported
in Table 1. The mean age of the women was slightly lower (30.2years, range 17e47 years) than that of the men (32.1 years, range
17e56 years). The sample was well educated, so that 69.7% of the
women and 59.9% of the men had a university or polytechnic de-
gree. Almost half of the families were expecting their ﬁrst child. The
descriptive statistics of the stress factors that may be related to
insufﬁcient sleep and symptoms of insomnia are presented in
Table 2. The ﬁgures suggest that the sample represented a
normative population.
3.1. Prevalence of insufﬁcient sleep and symptoms of insomnia in
women and men
3.1.1. Insufﬁcient sleep: sleep duration
Almost half (47.5%) of the women claimed they were sleeping
more during the pregnancy than before: 11.3% reported a much
longer sleep duration and 36.2% a slightly longer sleep duration. A
fourth (26.4%) judged that their sleep duration was shorter than
before pregnancy (22.1% slightly shorter and 4.3% much shorter
than before pregnancy) while the rest (26.1%) reported that their
sleep need remained the same.
The average of self-reported sleep duration was longer among
the women (8 h 4 min ± 1 h 3 min) than among the men (7 h
20 min ± 50 min, P < 0.001). Sleep duration of seven hours or less a
night was reported much less frequently among the women than
among the men (18.9%, vs. 44.4%, P < 0.001). Sleep durations6 h a
night were reported by 4.5% of the women and 9.6% of the men
(P < 0.001).
3.1.2. Insufﬁcient sleep: sleep debt
In the majority of the responders, sleep need was estimated to
be higher than acquired sleep. Among women, the reported sleep
need was on average 8 h 48 min ± 60 min and among men eight
hours 24 min ± 67 min, representing a statistically signiﬁcant dif-
ference (P < 0.001). In this sample, signiﬁcantly (P < 0.001) more
men (11.1%) than women (7.0%) reported sleeping two or more
hours less than they considered they would need.
As some of the short sleepers ( six hours) may not suffer from
sleep deprivation (people with short sleep need), we then studied
how many of them considered this sleep duration insufﬁcient to
estimate the prevalence of sleep deprivation. By cross-tabulating
variables representing short sleep and sleep debt, it was found
thatwhen sleep durationwas reported to be six hours or less a night,
64.4% of the women and 34.9% of the men reported a discrepancy
over two hours between sleep need and sleep duration and 100% of
the women and 69.5% of the men reported a discrepancy over one
hour between sleep need and duration, indicating that a signiﬁcant
proportion of the short sleepers suffered from sleep debt.
3.1.3. Symptoms of insomnia
The majority (82.6%) of the women reported a worsening of
their sleep quality during pregnancy; 25.5% of the women reported
it to be clearly poorer and 57.1% somewhat poorer than before
pregnancy. Less than a ﬁfth of the women considered that their
sleep quality remained similar (14%) or improved (3%) during the
pregnancy.
Prevalence rates of various insomnia symptoms in the women
and the men are reported in Table 3. In general, women reported
more sleeping difﬁculties than the men (all P-values < 0.001). The
mean insomnia score was also higher in the women than in the
men (p < 0.001). Multiple insomnia symptoms (BNSQ insomnia
score4) were reported by 9.7% of the women and 6.4% of the men
(P < 0.001).
During the weekdays, the sleep latency was only marginally
different between the women and the men (16.7 ± 17.9 min versus
15.0 ± 15.7 min respectively, P¼ 0.011). During theweekends, sleep
Table 2
Stress factors among women and men.
Women Men P for gender difference
Mean (SD) or % (N) Mean (SD) or % (N)
Depression score (CESD) 5.1 (3.5) 3.8 (3.1) <0.001
Depression score  10 11.2% (N ¼ 186) 11.0% (N ¼ 183)
Anxiety (STAI-T) 9.0 (2.4) 8.5 (2.3) <0.001
Anxiety score 12 13.6% (224) 11.0% (171)
Stress score (PSS) 5.7 (2.9) 5.4 (2.8) 0.002
Stress score 11 6.7% (N ¼ 112) 4.3% (N ¼ 68)
Negative life events mean (LTE) 0.6 (1.1) 0.5 (0.8) 0.003
Negative life events  2 13.3% (N ¼ 220) 11.2% (N ¼ 177)
Family atmosphere score 42.5 (5.2) 42.0 (5.3) 0.003
Poor family atmosphere (35) 10.1% (N ¼ 168) 10.3% (163)
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(13.6 ± 14.6 min) than in the men (16.2 ± 17.4 min). Signiﬁcant
sleep onset difﬁculties, as indexed by average sleep latency
exceeding 20 min, were reported by 22.1% of the women and by
18.5% of the men (P ¼ 0.011).3.2. Other potential indicators of insufﬁcient sleep
3.2.1. Daytime tiredness and sleepiness
Approximately every fourth woman (26.1%) considered herself
to be more tired than other women of the same age (4.1% almost
always and 22.0% often more tired than other women), while only
every sixth (15.1%) man considered himself to be more tired than
other men of the same age (2.4% almost always and 12.7% often
more tired than other men). The mean ESS score was 5.5 (±2.7)
among the women and 4.8 (±2.9) among the men (p < 0.001).
Scores exceeding 10, indicating pathological tiredness, were re-
ported by 4.7% of the women and 4.4% of the men (P ¼ 0.655).3.2.2. Daytime napping
Most of the women took naps at least weekly, 9.1% reported
taking naps daily or almost daily, 18.3% three to ﬁve days a week,
30.7% one to two days a week, less than weekly 24.2%, and never
17.6%. Of the men, 7.3% were taking naps on a daily basis or on mostTable 3
Insufﬁcient sleep and symptoms of insomnia during pregnancy in women and men.
Women (N ¼ 1646) Men
% (N) 95% CI % (N
Short sleep duration
Sleep duration less than 7 h 18.9% (310) 17.0e20.8% 44.4
Sleep duration less than 6 h 4.5% (73) 3.5e5.5% 9.6%
Sleep debt
Sleep debt  2 h 7.0% (114) 5.8e8.2% 11.1
Symptoms of insomnia
Difﬁculties to fall asleepa 14.0% (234) 12.3e15.7% 4.7%
Sleep latency  20 min 22.1% (362) 20.1e24.1% 18.5
Night wakingsa 94.9% (1581) 93.8e96.0% 41.2
Number of awakenings per night (3/night)b 36.2% (602) 33.9e38.5% 4.3%
Too early awakeningsa 10.8% (179) 9.3e12.3% 3.0%
Poor sleep quality (quite poor or poor)a 27.3% (454) 25.2e29.4% 7.2%
BNSQ insomnia score  4 9.8% (161) 8.4e11.2% 6.2%
Snoring (every night)c 8.8% (142) 7.4e10.2% 18.6
Tiredness score 11 4.6% (N ¼ 77) 4.3%
a 1e2 times/week or less vs. 3e5 times per week or more.
b 2 times per night or less vs. 3e4 times per night or more.
c 3e5 times a week or less vs. every night.
d Covariates in the adjusted models: age, general health, education, income, number odays, whilemore than half of them took naps less frequently (one to
two days a week 20.7%; less often than weekly 31.8%).3.2.3. Use of sleep medication
Use of sleep medication was very rare during pregnancy. Daily
or almost daily usage of sleep medication was reported by 0.3%
(N ¼ 5) of the women and irregular use by 0.2% (N ¼ 3). Out of the
male responders, 1.7% (N ¼ 27) reported daily or almost daily usage
of sleep medication and 1.4% (N ¼ 22) reported irregular usage of
sleep medication.3.3. Overlap between short sleep and symptoms of insomnia
As reported in Fig. 3, symptoms of insomniawere prevalent both
among women and men. However, the symptoms particularly
overlapped. Overall, 11.8% (N ¼ 192) of the women and 14.9%
(N ¼ 228) of the men reported either signiﬁcant symptoms of
insomnia or short sleep duration. Of the women, 2.0% slept  six
hours without symptoms of insomnia, 7.4% reported only insomnia,
and 2.4% reported both insomnia and slept 6 h or less. Among the
women, insomnia increased the risk for short sleep by 14-fold (14.1,
95% CI 8.6e23.3). Among the men, 8.6% slept  six hours without
symptoms of insomnia, 5.2% had only insomnia and 1.1% reported
insomnia and slept six hours or less. In men, insomnia was much
less predictive of short sleep than in women, increasing the risk by(N ¼ 1567) p for gender difference AORd (women vs. men)
) 95% CI
% (691) 41.9e46.9% p  0.001 0.3 (0.3e0.4) p  0.001
(150) 8.1e11.1% p  0.001 0.5 (0.3e0.7) p  0.001
% (172) 9.5e12.7% p < 0.001 0.6 (0.4e0.8) p < 0.001
(74) 3.7e5.7% p < 0.001 3.4 (2.5e4.7) p < 0.001
% (287) 16.6e20.4% p ¼ 0.011 1.3 (1.0e1.5) p ¼ 0.028
% (655) 38.8e43.6% p < 0.001 27.2 (20.9e35.4) p < 0.001
(68) 3.3e5.3% p < 0.001 12.9 (9.6e17.3) p < 0.001
(47) 2.2e3.8% p < 0.001 4.6 (3.2e6.7) p < 0.001
(114) 5.9e8.5% p < 0.001 5.4 (4.2e7.0) p < 0.001
(96) 5.0e7.4% p < 0.001 1.8 (1.4e2.5) p < 0.001
% (294) 16.7e20.5% p < 0.001 0.5 (0.4e0.6) p < 0.001
(N ¼ 68) n.s. 1.4 (0.9e2.0) p ¼ 0.125
f children, smoking, alcohol before pregnancy.
Fig. 3. Prevalence (%) of insufﬁcient sleep among women and men.
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quite often an independent factor, while among pregnant women it
is closely tied to insomnia.3.4. Factors contributing to insufﬁcient sleep and insomnia in
women and men
3.4.1. Insufﬁcient sleep
As reported in Table 4, short sleep among womenwas predicted
by depressiveness and an increased number of negative life events
(Adjusted Odds Ratio, AOR 3.3 and P < 0.001 for both), while none
of the main explanatory variables were signiﬁcant among the men
(all P's > 0.120). However, many of the background factors were
signiﬁcantly related to short sleep duration among the men.
Particularly, increased general health problems, current smoking,
high number of children in the household and low education level
predicted short sleep among the men (all P's < 0.05).
In the ﬁnal full model to explain short sleep duration during
pregnancy, the signiﬁcant explaining variables among the women
were depressiveness and negative life events (AOR 4.3, 95% CI
2.0e9.2, P < 0.001 and AOR 3.1, 95% CI 1.7e5.5, P < 0.001,Table 4
Factors related to short sleep and symptoms of insomnia in women and men (logistic re
Short sleep Sleep duration  6 h Sleep < 6
Women Depressiveness 10.3% (160) 26.0% (19
Anxiety 13.5% (211) 16.4% (12
Stress 6.2% (97) 13.7% (10
Negative family atmosphere 9.9% (155) 12.3% (9)
Life events>2 12.3% (192) 30.1% (22
Men Depressiveness 11.2% (157) 15.3% (23
Anxiety 10.4% (146) 16.0% (24
Stress 4.1% (57) 7.3% (11)
Negative family atmosphere 9.8% (136) 16.0% (24
Life events>2 11.0% (153) 14.0% (21
Symptoms of insomnia No insomnia % (N) Insomnia
Women Depressiveness 9.1% (134) 28.1% (45
Anxiety 12.2% (179) 26.7% (43
Stress 5.6% (82) 16.1% (26
Negative family atmosphere 9.4% (138) 17.0% (27
Life events>2 12.7% (187) 17.5% (28
Men Depressiveness 11.1% (160) 20.0% (19
Anxiety 10.6% (152) 15.6% (15
Stress 4.0% (58) 9.4% (9)
Negative family atmosphere 10.5% (150) 10.5% (10
Life events >2 10.8% (155) 16.7% (16
Covariates in partially adjusted models: age, general health, education, income, numberrespectively). However, in the men none of the main explanatory
factors was signiﬁcant, albeit those same background factors
remained signiﬁcant that were found to be signiﬁcant when
analyzed separately (general health problems, high number of
children in the household and low education level).
The results from the analyses of sleep debt as an indicator of
sleep insufﬁciency were similar to those from the analyses of short
sleep, except that in fathers, sleep debt was predicted by age, ed-
ucation and depressiveness.
3.4.2. Symptoms of insomnia
As reported in Table 4, when analyzed separately, symptoms of
insomnia among the women were explained by depressiveness,
anxiety and stress, (AOR 3.83, 2.28 and 2.85, respectively, all
P's < 0.001), while among the men, the symptoms were only
related to depressiveness (AOR 1.85, P ¼ 0.030). In the ﬁnal full
model to explain insomnia during pregnancy, the only signiﬁcant
explaining variable in both women and men was depressiveness
(AOR 3.2, 95% CI 1.9e5.4, p < 0.001 and AOR 2.2, 95% CI 1.1e4.5,
P ¼ 0.026, respectively). Of the background factors, older age and
increased general health problems signiﬁcantly predicted insomnia
among the women and smoking among the men.
4. Discussion
This study evaluated the prevalence of insufﬁcient sleep
(measured as short sleep duration, or sleep debt) and symptoms of
insomnia during pregnancy in both women and men, and related it
to factors that may be associated with sleeping difﬁculties during
pregnancy. The work was implemented in the large Finnish longi-
tudinal, population-based Child-sleep cohort.
4.1. Insufﬁcient sleep
In general, women slept more during pregnancy than men, and
most women considered that their sleep need increased during the
pregnancy. Of the women and men, 4.5% and 9.6% respectively,
reported sleeping six hours or less per night, while 7.0% and 11.1%
reported sleeping at least two hours less than they estimated thatgression models).
h p-value Crude OR (95% CI) AOR (95% CI) p
) <0.001 3.1 (1.8e5.3) 3.3 (1.8e5.8) <0.001
) 0.474 1.3 (0.7e2.4) 1.2 (0.6e2.4) 0.568
) 0.011 2.4 (1.2e4.8) 2.0 (0.9e4.4) 0.103
0.507 1.3 (0.6e2.6) 1.1 (0.5e2.4) 0.775
) <0.001 3.1 (1.8e5.2) 3.3 (1.8e5.8) <0.001
) 0.135 1.433 (0.9e2.3) 1.3 (0.8e2.2) 0.270
) 0.037 1.6 (1.1e2.6) 1.5 (0.9e2.5) 0.120
0.063 1.9 (1.0e3.6) 1.7 (0.8e3.5) 0.164
) 0.018 1.8 (1.1e2.8) 1.4 (0.9e2.4) 0.171
) 0.264 1.3 (0.8e2.2) 1.0 (0.6e1.7) 0.993
% (N) p-value Crude OR (95% CI) AOR (95% CI) p
) <0.001 3.9 (2.6e5.7) 3.83 (2.55e5.75) <0.001
) <0.001 2.6 (1.8e3.9) 2.28 (1.51e3.43) <0.001
) <0.001 3.2 (2.0e5.3) 2.85 (1.68e4.82) <0.001
) 0.003 2.0 (1.3e3.1) 1.76 (1.10e282) 0.019
) 0.092 1.5 (0.9e2.2) 1.34 (0.85e2.13) 0.210
) 0.009 2.0 (1.2e3.4) 1.85 (1.06e3.23) 0.030
) 0.123 1.6 (0.9e2.8) 1.17 (0.62e2.19) 0.634
0.013 2.5 (1.2e5.2) 1.50 (0.64e3.50) 0.348
) 0.998 1.0 (0.5e2.0) 0.97 (0.48e1.94) 0.923
) 0.080 1.6 (0.9e2.9) 1.11 (0.59e2.09) 0.749
of children, smoking, alcohol before pregnancy.
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more prevalent in men than in women.
A previous study on sleep duration during pregnancy reports
dynamic changes in the course of pregnancy: the self-reported
average sleep duration was 7.8 h before pregnancy, increasing to
8.2 h during the second trimester and then decreasing back to 7.8 h
during the third trimester [20]. Although we did not have a follow-
up throughout the pregnancy, the reported sleep duration in our
sample was roughly similar, ie, 8.1 h (8 h 4 min) on average at 32
weeks of pregnancy.
Notably, in the multivariate regression models, when age, in-
come, stress, adverse life events, negative family environment, and
number of children were controlled for, short sleep was explained
by very different factors among women and men. Among women it
was related to negative life events and depressiveness, whereas in
the men it related to general health, education, smoking and
number of children in the household. Subjective experience of
stress, family distress and anxiety did not relate to short sleep in
either gender.
Another interesting feature of the analysis revealed that short
sleep duration and sleep debt were mostly explained by similar
factors both in women and men, indicating that the information
carried by these variables is largely overlapping. However, the
larger overlap of short sleep duration and sleep debt amongwomen
(64%) compared to that in men (35%) suggests that women's sleep
need increases during pregnancy.
4.2. Symptoms of insomnia
The pregnant women of the present study reported frequent
nocturnal awakenings (almost 95%), sleep onset difﬁculties (14%),
and poor sleep quality (27%). Among the men, the rates were lower
although nocturnal awakenings were prevalent also in men (41%),
indicating that the pregnancy period may affect sleep adversely in
both men and women. The growing fetus induces physical
discomfort and symptoms including an increase in nocturia and
heart burn, which contribute to the nocturnal awakenings in
women [21]. Sleep insufﬁciency and symptoms of insomnia are
often independent symptoms. Overall 12% of thewomen and 15% of
the men reported either multiple symptoms of insomnia or short
sleep duration and thus may be considered as the risk group for the
consequences of lack of sleep.
During pregnancy, the prevalence rates of symptomsof insomnia
are higher than in the general population. For example, a recent
population-based study reported that six percent of the participants
had difﬁculties in falling asleep, 14% had difﬁculties of maintaining
sleep and 18% reported non-refreshing sleep [22]. A representative
review summarized that approximately one third of a general
population report at least one symptom of insomnia; however, only
about six percent seem to suffer from actual insomnia according to
the DSM-IV criteria [23]. A Swedish study reported similar rates:
25% of the general population reported some symptoms of
insomnia, while insomnia accompanied with daytime symptoms
was reported by 10% [24]. In Finland, the prevalence of chronic
insomnia in adult populations has been around seven to nine
percent during the last 20 years [25].
A few previous studies have evaluated the prevalence of
symptoms of insomnia during pregnancy [26e30]. The largest of
these studies consisted of 2427 pregnant women and was con-
ducted in North America. In this sample, insomnia symptoms were
reported by 57% of the participants, night awakenings by 100%, and
poor sleep quality by 76% of the pregnant women [26]. Although
the prevalence rates of nocturnal awakenings are similar to our
rates, the reported rates of other insomnia symptoms and sleep
debt were much higher in their study. For example, the reportedprevalence rates of short sleep were 30%e51% vs. 5% while long
sleep latency was reported by 56%e62% vs. 22%, and day-time
sleepiness by 49% vs. 26%. The American sample was recruited via
the internet and this may have led to an overrepresentation of
women with concerns about their sleep as stated by the authors.
This is supported by the comparison of our ﬁndings with studies
that used randomized data collection settings [27e30]. These
studies seem to report very similar rates of symptoms of insomnia
to our ﬁndings. For example, a small study (244 participants)
conducted in New Zealand on women in their third trimester re-
ported difﬁculties in falling asleep by 26% (N ¼ 62) of the women,
night awakenings by 96%, and poor sleep quality by 38% of the
women [29]. Detailed comparisons in the prevalence rates across
studies are, however, difﬁcult due to methodological differences
and variations in conceptualizing and reporting insufﬁcient sleep.
Regardless of the differences, the sleeping difﬁculties of the preg-
nant women in all these studies are reported to be much more
common than in the general population.
Insomnia during pregnancy often seems to continue beyond
delivery. At least 60% of women suffering from insomnia during
pregnancy still suffer from it after pregnancy [31]. Although the
reasons for persistence still remain unexplored, the ﬁnding un-
derlines the signiﬁcance of adequately recognizing and treating
insomnia during pregnancy.
4.3. Symptoms of insomnia and depressiveness
We found that approximately one third (28%) of the women
and one ﬁfth (20%) of the men with signiﬁcant symptoms of
insomnia also had symptoms of depression. This is congruent with
previous studies. For example, Ohayon & Bader (2010) and
Dorheim et al. (2012) have reported that insomnia is closely
associated with depressiveness [22,32]. Furthermore, in older
adult population poor sleep quality increased the risk of incident
symptoms of depression and disability retirement due to depres-
sive disorder [33].
Previous studies about maternal sleeping difﬁculties have sug-
gested that maternal insufﬁcient sleep may also concern the fetus.
Sleep insufﬁciency (including short sleep, symptoms of insomnia
and a parameter corresponding to sleep debt in the present study)
in early pregnancy was shown to increase the risk for depressive-
ness and stress in late pregnancy [34]. Elevated levels of maternal
anxiety and depression during pregnancy predict infant sleep
problems at 18 and 30 months [35], indicating that the features of
maternal sleep during pregnancymay have effects on the child, and
even until adulthood [36]. Insomnia during pregnancy might also
precede an episode of major depression [37] which in turn is awell-
known risk factor for the child-parent relationship.
Studies on the effects of the men's sleeping difﬁculties during
the pregnancy period on the well-being of the new-born child have
not been reported. The consequences of paternal depression on the
development of the child pre- and postpartum are poorly known,
and even less in this respect is known about the effects of men's
sleeping difﬁculties during the pregnancy. If follow-up studies can
conﬁrm that insufﬁcient sleep during pregnancy, not only in
women but also in men, indicates a risk for postpartum affective
problems, its early recognition might provide an opportunity to
prevent postpartum depression.
4.4. Limitations of the study
The results are based on a large representative sample that
comprises approximately 30% of the eligible pregnancies in the
target area. As many as 77% of the recruited women also answered
to the prenatal questionnaires and the loss of 23% was mainly due
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present the survey to the mothers. The large variation in the
recruitment rate between the maternity clinics suggests that the
adherence of the nurses to the study protocol has been variable.
Due to restrictions set by the ethical committee, we were not able
to deﬁne whether this induced selection bias in the sample. How-
ever, recruitment via maternity clinics was the only accepted
method to contact the pregnant women in the area.
The estimation of sleep duration using questionnaires instead of
objective measurements, like EEG or actigraphy, introduces inac-
curacy to the results. It has been reported that objectivelymeasured
sleep duration deviates from that reported by more than one hour
in about a third of the study participants [38]. Further, a recent
study assessed sleep quality during pregnancy using both ques-
tionnaires and actigraphy [39] and found that depressiveness and
anxiety were related to self-reported sleep quality but not to
objective measurements of poor sleep quality. This was interpreted
to suggest that women with the highest level of emotional distress
perceive fragmented sleep as more detrimental to their health than
the other women. Further studies should consider objective mea-
surements on sleep quality to be used to increase the reliability of
the sleep duration estimates.
The wealth of concepts used in different studies to describe
sleep, sleep duration, sleep quality and adequacy of sleep makes
comparisons with other studies difﬁcult.5. Conclusions
This study represents the largest cohort so far to report esti-
mates for sleep insufﬁciency and symptoms of insomnia during
pregnancy in both women and men. The inclusion of also the fa-
thers in the study represents a new view to family dynamics, and
will help to identify previously neglected aspects of sleeping
problems in families.
Almost every tenth of the women and every ﬁfth of the men
suffered from insufﬁcient sleep or insomnia during pregnancy.
Women frequently report symptoms of insomnia, while men more
likely to suffer from lack of sleep. Symptoms of insomnia in both
genders seemed to reﬂect depressiveness, underlining the impor-
tance of evaluating sleep and the need to provide mental health
support for the families during the pregnancy period.
To increase the awareness of sleep problems during pregnancy
and to improve its treatment and prevention of its potential con-
sequences later on, further studies are needed to evaluate whether
insufﬁcient sleep during pregnancy poses a risk for postpartum
depression, pregnancy complications or infant development and
health. Given that paternal postpartum depression is a relatively
common phenomenon [40], paternal insomnia during pregnancy
might deserve attention at maternity clinics to prevent its negative
health consequences later on.
Careful consideration of sleep quality during pregnancy is not
only important for the expectant parents; it may be crucial for the
development of the fetus [2]. Although the number of such studies
is still insufﬁcient, a few preliminary ﬁndings suggest that such a
link might exist. Even though insufﬁcient sleep during pregnancy
would not directly affect the infant development, it may pose a
relevant risk factor for mother-infant relationships and family
functioning, particularly if it persists beyond pregnancy [41]. In-
fants' developmentally fragmented sleep and parental depression
or sleeping problems at the same time, may lead to a signiﬁcant
sleep debt in the family, which in turn can disturb family relations
[42]. The role of the men's sleeping problems relative to the fam-
ilies' wellbeing should be taken into consideration in the future.
The Child-sleep cohort offers a unique opportunity to study howthe sleep quality of the parents and their infants is related to the
development of the infant and to the wellbeing of the entire family.Acknowledgements
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